














Uncertainty  about the cost of capital should  be compared with
uncertainty  about  the price  of output.  The efficiency  of policies
to reduce  the price  of capital  may  be enhanced  if the  volatility  of
the output price is greater than the volatility of the price of
capital,  and if there  is a positive  correlation  between  changes  in
prices for output and capital.
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Understanding  how prices  and quantities  affect  George  and Morisset  argue  that uncertainty
investment  demand  is important  in analyzing  about  the cost of capital  should  be compared
adjustrnent  policies in many  developing  coun-  with uncertainty  about  the price of output.  Using
tries.  a simple analytical  model,  they conclude  that the
efficiency  of policies aimed at reducing  the price
Recent literature  emphasizes  that uncertainty  of capital  may be enhanced  if:
curtils private investment,  adding  a risk pre-
mium  - the price of waiting.  Several  recent  * The volatility  of the output  price is greater
empirical  studies have confirmed  this re-sult.  than the volatility  of the price of capital.
This new development  has been  used to  * And  there is a positive  correlation  between
challenge  one of the most popular  policy recom-  changes  in prices  for output  and capital.
mendations  derived from the traditional  literature
on investment increasing  investment  by reduc-  In both cases, private investment  will  be
ing the cost of capital  through  tax incentives  or  more responsive  to changes  in the price of
exchange  rate policies.  Because  such policies  are  capital  (or in aggregate  demand)  because firms
likely to increase uncertainty  about  the price of  will minimize  profit fluctuations.
capital,  their effect on private investment  is
anvAguous.  The popular  intuition  is that private  They apply  this model  to Chile  for 1980-90.
investors  care more about  the uncertainty  of the  Chile  is the reputed  "success  story"  of structural
price of capital  than its level. In other words,  adjustment  and has achieved  fairly stable growth
incentives  would have to be unreasonably  high  in the past eight years. (The  results correspond  to
to bolster  investments.  the predictions  of the analytical  model.)
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Summary
1.  Understanding  the roles of prices and quantities  in investment  demand is
important  for the analysis of adjustment  policies in many developing  countries.  The recent
literature emphasizes  the negative impact  of uncertainty  on private investment  as a result of a
higher risk premium -- the price to wait.  Recently,  this result has been confirmed by
several recent empirical studies.
2.  This new development has been used to challenge  one *,f  the most popular policy
recommendations  derived from the traditional  literature on investment:  increasing  investment
by reducing  the cost of capital through tax incentives  or exchange rate policies.  Because
such policies are likely to increase  the uncertainty  concerning  the price of capital, their effect
on private investment  is rather ambiguous. The intuitive  idea is that private investors care
more about the uncertainty concerning  the price of capital than its level.  In other words,
incentives  would have to be unreasonably  high to bolster investors.
3.  This paper argues that the uncertainty  concerning  the cost of capital should be
compared with uncertainty  in the price of output.  Using a simple analytical model,  we
conclude that the efficiency of policies  aimed to reduce the price of capital may be enhanced
(i) if the volatility of the output price is greater than the volatility  of the cost of capital, and
(ii) there is a positive correlation between changes in the output and capital prices.  In both
cases,  private investment  will be more responsive  to changes in the price of capital (or in
aggregate  demand) because firms will minimize  profit fluctuations.
4.  In the second part of the paper, the model is applied to the case of Chile over the
1980-90  period.  This country has earned the reputation  of being the "success" story of
structural adjustment  and has achieved fairly stable growth in the past eight years.Introduction
One of the established  facts in macroeconomics  is that business fixed investment
and output move strongly together over the business cycle. This relationship  might appear to
suggest that business fixed investment  can be best explained  by an accelerator model of
investment, whereby investment  responds to changes in the desired capital stock, itself
determined  by the demand for output.  In parallel, traditional  theory of perfect competition
market has suggested that if output prices exceed long run average cost, this induces  existing
fins  so expand, and new ones to enter.  Observers  of business practice find however that
prices should exceed costs by a substantial  margin in order to bolster new investment
projects.  As argued in many recent papers (see Dixit [1992]  for a good summary), this
difference between the expected revenues of the investment  project and the cost reflects the
value of waiting. In an uncertain world, information  has a price and an investors by
reporting their decision will acquire more information,  thereby reducing the risk of the
investment.
The objective in this paper is to examine the relationships  between changes in
aggregate  demand and uncertainty  associated with output and capital prices.  Our view in this
paper is to claim that, although the cost of capital matters, the volatility  of the price of
capital and the output price are more important  in determining  investment. Specifically,
using a simple model in which investors act in a risk-averse manner, we demonstrate  that in
a volatile environment, the impact of a change in output or in the cost of capital on private
investment are significantly  reduced.  This confirms the result obtained in previous studies
that uncertainty  may outweigh  the beneficial effects of reforms on private investment  (see
Rodrik ki99l) or Serven and Solimano  (1992)).
Unlike previous studies, the model distinguishes  the risk associated with the
fluctuations  of the price of capital and with the fluctuations  of price of output.  If uncertainty
of the price of capital is greater than uncertainty  of the change in output price, then other
things being equal, the optimal choice will contain less movement  in investment than in
r3DP.  From a policy perspective, economists  often recommend  increasing investment  by
reducing  the cost of capital through tax incentives. In order to increase the efficiency  of
such policies, the first priority of the Government  should be to reduce the price of capital,-3  -
which will increase its volatility in the short-run, when the volatility  of the output price is
simultaneously  high.  This can occur during a shaip disinflation. The model also shows that
a strong positive correlation between the output and capital prices would enhance  private
investment  because the profitability fluctuations  would be minimized. These results are
tested empirically  in the case of Chile (1970-90).
The paper proceeds as follows. In Section 1, we present a simple model in
which the private investment behavior  is derived.  We use a maximizing-profit  approach to
emphasize  that different sources of uncertainty  may have opposite implications  on private
investment. In Section 2, we apply the model to the Chilean  case.  Finally, Section 3
contains our conclusions  and policy recommendations.
1. A Simple Analytical Model
The recent literature on investment  has emphasized  the irreversibility of
investment. Along these lines, sophisticated  models  in which the dec£sion  to invest involves
exercising an option -the option to wait for new informaLlon-  have been developedY. While
this theoretical  approach appears successful  in explaining  the opportunity  cost of investment
in an uncertain context, it can be criticized  on two points.  First, it might be too radical in
assuming that private investors will always react negatively  to an increase in uncertainty.
One decade ago, some authors (see Abel (1983) or Hartman (1972)) argued that an increase
in output price volatility, in contrast to a change in capital price volatility, may enhance
private investment. Second, this approach does not take into account the eventual linkages
between different sources of uncertainty. Therefore, an alternative  model is proposed in this
paperY  We will demonstrate  that private investment is more sensitive  to variations in the
price of capital or in aggregate demand if: (i) the volatility  of the price of capital is low, (ii)
the changes in the output and capital prices are positively correlated, (iii) the fims  are less
risk averse, and (iv) the volatility of the output price is higher than the volatility of the
capital price.
2/  See for exaniple Pindyck  (1991) or Dixit (1992).
3/  This approach is based on Greenwald  and Stiglitz  (1989). In a different  context, these authors attempt  to
explain wage and employment  adjustments  in an uncertain  world.-4 -
Firms are assumed  to maximize  the expected utility of profits (7r), where profits
are a random function  of changes in capital accumulation  (K - K*) and changes in output (Y
- Y*) . As we are interested  in the investment  behavior, we assume that changes in the stock
of cVpital  are endogenous  and changes in output are exogenous.'  In other words, ftrms will
ad,-.t  their stock of capital according to their expected level of production.  To capture the
idea that the greater the change in the decision variable and in the exogenous factors, the
greater the uicertainty, we write:
(1)  Frt =  7r(Y*,  K*, p(K - K*), p(Y - Y*))
where Y*, K* are preexisting levels of output and capital respectively, and*" andl  are
random  price of capital and output price.  Uncertainty  associated  with changes in output and
in the stock of capital are exclusively  captured by the uncertainty  of prices.
Next, assuming that (K - K*) and (Y - Y*) are relatively small, we linearize the
profit function around K* and Y* so that:
(2)  r  =  lr(Y*,  K*) +  7r,p  (K - K*) +  ir (Y - Y*)
where 7r, is the derivative of r  with respect to 'k(K  - K*) and 1r 2 is the derivative of Tr with
respect top(Y  - Y*).  Since an increase in the stock of capital and in production exert a
negative and positive impact on the level of profit, 7r,  and 7r2 are negative and positive
respectively.
Finally, we assume a quadratic utility function. Accordingly  the firms' objective
function can be rewritten in terms of the mean and variance of ir where:
(3)  E(-fi =  r  +  7r&(K - K*) +  ?rTP(Y - Y*
and,
(4)  U2(ir,)  =  7rl2e2pk(K  - K*)-  +  7r,f2p(Y  - y*)2 +  27r,rZCpk,P(K  - K*)(Y  - Y*)
4/  The model can be extended to other exogenous shocks such as variations  in credit or  in exchange rates.- 5 -
with pk  and p being the means, gpk  and o2p being the variances, and Cpk,p  being the
co,.riance  of pi,  and p.
Efficient combinations  of (K - K*), the decision variable, are those that minimize
o2(ir), subject to E(r)  >  iro. Solving  this problem we get the following  investment  function:
(5)  Ip =  (K  - K*) =  aI[k/o2pJ  +  B3(Cpk.p(Y  -Y*))/0 2pk)
with a  =  [u/2w,] < 0  and B =  [-7r 2 ,]  >  0
where Ip is the change in the stock of capital, and ,  is the Lagrange multiplier associated
with the expected profit constraint (see below for a discussion).
At first sight, the investment  function (5) has the conventional  properties derived
from the neoclassical  theory: the lower the expected price of capital or the higher the
increase in GDP,  the greater is the capital accumulation. But, equation (5) also presents
three important  characteristics.
First, an increase in the volatility  of the price of capital is likely to reduce
private investment (dlp/da2pk  <  0). This result is quite obvious  and reflects the fact that the
cost to delay an investment  project is reduced when the risk of this project is high.  In
addition, equation (5) demonstrates  the higher the uncertainty  on the price of capital  (4pk),
the lower is the impact of a change in the price of capital or in economic  growth on
investment. Intuitively, if the risk concerning  the price of capital variations is high, the
response  of investment  to change in economic growth or interest rates is low because
investors tend to prefer the status quo. From a policy perspective,  if uncertainty  is high,
incentives would have to be prohibitively  large to have a significant  effect on investment.
Second, an increase in the covariance between the output price and the capital
price would positively affect private investment. In order to better understand  this
relationship, we rewrite the covariance as follows:
(6)  CP,pk/02Pk  =  rp.pk(opro'pk)-6-
where rp,pk  denotes the correlation between the output and capital pr;ces, apk  the standard
deviation  of the capital price and ap the standard deviation  of the output price.
Substituting  (6) into (5), the two following  properties can be derived: a positive
correlation between the output and capital prices or an increase  in the ratio  rp/apt,  would rise
private investment. Simple examples may illustrate  how these two effects work.  Suppose
that the output price increases.  If firms are risk aversc, then they will attempt to minimize
the fluctuations  of profitability. In such case, ho-  should the capital price vary to enhance
private investment? Because a change in output and capital )rices have opposite effects  on
profitability, the capital price should move in the same direction as the output price; i.e.
higher is the positive correlation between these two prices, lower will be the profitability
fluctuations. Similarly, an increase in the ratio oirorp, will affect positively private investment
because if uncertainty  concerning  the change in the price of capital is greater than
uncertainty  concerning  the change in the output price, then, other things being equal, the
optimal  portfolio --minimizini,  the profit fluctuations-- will have less movement  in private
investment  than output.  One major implication  of this property is that an increase in the
uncertainty  concerning  the output price (in relative terms) may lead to a higher adjustment in
the capital stock than in production. The positive impact  of an increase in the uncertainty  of
output price on private investment has been discussed  by Abel (19831  and Hartman [1972].
These authors found that an increase in a., will lead to an increase in the optimal rate of
investment  because the risk about the future price of output tends to increase expected future
marginal revenue product and hence investment. However, such a positive relationships  was
related to the assumption  that a firm can compensate  a poor investment  choice by adjusting
other inputs once the output price has been observed.
Finally, equation (5) shows that as firms become more risk averse, the
adjustment  of the private capital stock would be lower. The parameter 1s  is de.termined  by the
tangency  of the mean-variance  efficient frontier with the ftum's utility function.
Consequently,  if firms become more risk averse the parameter 1 faUls,  and therefore private
investment.-7  -
2. An Empirical  Application;  The Case of Chile
This section takes an empirical look at the analytical  model developed  in the
above section.  We focus on the broad implications  of the model by examining  the
relationships  between private investment  and the four foUlowing  variables: (i) output level
(Y), (ii) the pr0ce  of capital (pk), (iii) the ratio between the volatility  of the price of capital
and the volatility of the price of output (o 2p/alpk),  and (iv) the correlation between the price of
output and the price of capital (rp  pk). A semi-log  specification  of these relationships  would
be:
(7)  InClp)  =  B0 +  i'lln(Y)  +  1 82PA +  B3(02p/epk)  +  847ppk
with B 1, B 3 ,  B4 >  0 and 82 <  0
The model is applied to the case of Chile over the 1980-90  period.  This
country has earned the reputation  of being the "success" story of structural adjustment and
has achieved fairly stable growth in the past eight years.  Inflation has also been brought
down to between 17 and 27 percent during this period.  Despite these achievements,  private
investment  in Chile has been slow to regain the levels reached prior to the 1982-83  crisis.
There exist several empirical studies which have attempted to explain private investment
behavior in ChileV'1.  According to Serven and Solimano  (1989, 1991), the stability and
predictability  of the incentive  structure and the macroeconomic  policy environment  is the
most imuprtant factor in explaining  the evolution  of private investment  in Chile.  The basic
empirical result is that an increase in uncertainty  --measured  as the volatility of output, of
prices, of the real exchange rate, of exports revenues--  would automatically  decrease private
investment.
The Data has been obtained from the Central Bank of Chile, the IMF's IFS  and
the World Bank  1'. Private investment  has been defined as real private investment  (L) and
')utput as real GDP (Y).  We defined the price of capital (p) as the percentage change in the
5/  See for example: Solimano  [1989], Serven  [19901,  or Marshall  and Schmidt-Hebbel  [1991. In addition.
Chile has been included  in numerous  cross-countries  studies.
6/  We are grateful to A. Solimano  for providing  us the private investment  series on a quarterly basis.-8-
investment  deflator as it has been done in previous studies  on privat- investment  in Chile.
Because the ratio of the risks associated  with the price of capital and the price of output is
not dire'tly observable,  two indicators  have been alternatively  used.  First, the volatility of
the price of capital and the price of output have been calculated  using a six-month  moving
average of the variance of the monthly percentage change in the investment  deflator and in
the consumer  price index (a 2p/apk).  Second, we used the ineiation  rate measured by the GDP
deflator for the volatility  of the ouitput  price and the inflation  rate measured  by the
investment  deflator for the volatility of the capital price (p/p).  Finally, the correlation
between the price of output and the price of capital has been measured as the covariance
between both prices (rp,pj.  The covariance has been calculated  by using a six-month  moving
average of the GDP and investment  deflators.
Table 1 reports the estimated  results for Chile for the 1980-90  period using
quarterly data. We used the TS! 3 technique  because GDP and private investment are likely
to be jointly determined  and the AR(l) method has been used to correct the first-order
autocorrelation  of residuals in some regressions. Overall, the estimated  results are quite
satisfactory  and the specification  of the model is acceptable  as suggested  by the explanatory
power of the regression (AdjR 2).  More important,  all estimated  coefficients  correspond to
the ones predicted by the analytical  model.
The most interesting  aspect of the results concems the effect of the uncertainty
on private investment. Indeed, private investors  appear quite sensitive  to changes in the
relative risk concerning  the price of output and the price of capital.  The positive and
significant  coefficient  associated  with the ratio (o 2PhaPk) suggests  that lower was the volatility
of the price of capital with respect to the volatility  of price of output, higher was private
investment. This result has been obtained with both measures  of this relative risk since the
impact of a change in the ratio P/Pk  is also positive and statistically  significant. We obtained
a positive but not significant  relationship  between the covariance  of capital and output prices
and pr"i-te investment. The impact  of a change in GDP on private investment  behavior
appears to be high and significant  and the response of private investment  to a change in the
price of capital was negative but (not always) significant. Finally, the dummy variable
(dumi) which takes the value one in the first quarter of 1982 is statistically  significant  as
found previously  by Solimano  [1989].- 9 -
In order to compare the magnitude  of the effects associated  with the explanatory
variables on private investment, Table 2 summarizes  the results in tenns of elasticities  and
the mean and the standard deviation  of the explanatory  variables. At first glance, private
investment  appears relatively inelastic to changes in the price of capital and in sources of
uncertainty. But, large variations, as high as 150 percent, in the price of capital or in the
volatility of this price were quite common  over the 1980-90  period, and in particular during
the 1982-85  years.  Interestingly, the above results suggest that the impact of uncertainty  on
private investm.ent  may be as important  as the impact  of a change in the price of capital and
that such impact might be different according  to the source of uncertainty.7' The model  also
illustrates  that different sources of uncertainty  may influence  private investment  in opposite
directions. Indeed, the impact  of a change in the output or the capital prices will affect
private investment in opposite directions. Finally, the impact of a change in the correlation
between the price of output and the price of capital on private investment  appears relatively
weak, but this explanatory  variable was extremely volatile during the last decade.
3. Conciudine Remarks
Understanding  the roles of prices and quantities  in investment  demand is
important  for the analysis of adjustment policies  in many developing  countries.  The recent
literature on private investment  emphasizes  the role of uncertainty. The response of private
investors  to an increase in uncertainty  is clearly negative, since the price of capital increases
as a result of a higher risk premium -- the price to wait.  Using the volatility  of the price of
capital as an indicator, this result has been confirmed  by many empirical studies.  This new
development  has been used to challenge  one of the most popular policy recommendations
derived from the traditional literature on investment:  increasing  investment  by reducing the
cost of capital through  tax incentives  or exchange rate policies.  Because such policies  are
likely to increase  the uncertainty  concerning  the price of capital, their effect on private
investment  is rather ambiguous. The intuitive idea is that private investors care more about
the uncertainty  concerning  the price of capital than its existing level or even the expected
one.  In other words, incentives  would have to be unreasonably  high to bolster investors.
7/  To illustrate the relative importance of  uncertainty on the private investment behavior  in Chile,  let us
take a numerical example.  A 100 percent  reduction in the ratio (WI  oPk)  would decrease the level of
private investment by about 2.2  perceI:t.  A 55 percent  reduction in the price of capital would be
required  to offset the first negative impact.- 10 -
However, the efficiency  of policies  aimed to enhance  private investment  depends
on the environment  in which these changes occur, thereby affecting the link between
uncertainty  and private investment. We argue that the uncertainty  concerning the cost of
capital should be compared with uncertainty  in the price of output. If the volatility  of the
output price is greater than the volatility  of the cost of capital, the optimal choice of the
firms will contain less movements  in production  than in capital because investors are risk-
averse who minimize  profit fluctuations. For the same reason, a positive correlation between
changes in the output and capital prices is likely to enhance  private investment.
Although  the model can be improved  in many ways -e.g. the production level is
likely to be influenced  by uncertainty  as well- the major policy conclusions  that can be
drawn from the exercise are straightforward.  Policies aiming to reduce the price of capital
will increase  the volatility of this price, at least in the short-run.  This can negatively  affect
private investment  and decrease the probability  of success  of the reforms.  When a policy
reform is introduced, it is almost inevitable  that the private sector will view it as less than
one hundred  percent sustainable. Nevertheless,  the model developed  in this paper suggests
the efficiency of these policies may be enhanced  (i) if the volatlity  of the output  price is
greater  than the volaility of the cost  of capital,  and (ii) there  is a positive  correlation
between  changes  in the output  and capital  prices. In both cases,  private investment will be
more responsive  to changes in the price of capital (or in aggregate  demand) because firms
wil  minimize  profit fluctuations.- 11  -
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